Epitaxial Sr 2 RuO 4 thin films grown by pulsed-laser deposition from high-purity ͑99.98%͒ Sr 2 RuO 4 targets on ͑001͒ LaAlO 3 were found to be not superconducting down to 0.4 K. Structural disorder is believed to be responsible. A correlation was observed between higher resistivity ratios in electrical transport measurements and narrower x-ray diffraction rocking curve widths of the Sr 2 RuO 4 films. High-resolution transmission electron microscopy revealed that the dominant structural defects, i.e., the defects leading to the observed variation in rocking curve widths in the films, are ͕011͖ planar defects, with a spacing comparable to the in-plane superconducting coherence length of Sr 2 RuO 4 . These results imply that minimizing structural disorder is the key remaining challenge to achieving superconducting Both impurities and structural disorder can quench superconductivity in Sr 2 RuO 4 . For example, 300 ppm of aluminum impurity are sufficient to destroy superconductivity. 13 The suppression of superconductivity in Sr 2 RuO 4 by structural disorder has been established using the same highpurity source materials and floating-zone ͑FZ͒ crystal growth method used to make Sr 2 RuO 4 single crystals with the highest T c reported.
14 A correlation of T c with the residual resistivity ( 0 ), a measure of disorder in equivalent-purity crystals, was observed. Thus, in order to grow superconducting Sr 2 RuO 4 films, it is important to minimize both impurities and structural disorder.
To date, there has been little characterization of structural defects in Sr 2 RuO 4 single crystals and films. Consequently, the particular type of structural defects that suppress superconductivity in Sr 2 RuO 4 is not established. Inoue et al. investigated the microstructure of FZ Sr 2 RuO 4 single crystals by transmission electron microscopy ͑TEM͒ and electron microdiffraction. They observed striations in lowmagnification bright-field images, and streaking in electron microdiffraction patterns indicative of planar faults, but these defects were not further characterized. No TEM study of the defects present in Sr 2 RuO 4 films has been reported. In this letter, we present the results of high-resolution TEM ͑HRTEM͒ imaging, electronic transport studies, and x-ray diffraction ͑XRD͒ analysis of high-purity, but nonsuperconducting, c-axis-oriented Sr 2 RuO 4 films grown by pulsed-laser deposition ͑PLD͒. Although superconductivity was not found in the series of films grown, it appears that the transport properties of our films are dominated by disorder rather than by impurities.
All of the epitaxial Sr 2 RuO 4 films reported have been synthesized by PLD. [9] [10] [11] [12] Impurities introduced during traditional target preparation methods ͑i.e., from the grinding media͒ are of great concern considering the low concentration of impurities that can destroy superconductivity in Sr 2 RuO 4 . While such impurities have likely been sufficient to completely suppress superconductivity in prior epitaxial Sr 2 RuO 4 films made by PLD, the high-purity Sr 2 RuO 4 target used in the present work was made without the use of grinding media. 10 A lower-purity PLD target, fabricated by conventional solid-state grinding methods, 9 was also used for comparison.
The ϳ200-nm-thick Sr 2 RuO 4 films were grown on ͑001͒ LaAlO 3 substrates at 1000°C in a radiatively heated sample chamber 15 Film thicknesses were computed from the number of laser pulses during film growth, calibrated by measuring the thickness of a representative film using TEM. The in-plane resistivity ( ab ) of the Sr 2 RuO 4 films was measured as a function of temperature with a dip probe from 300 to 4.2 K, or to 0.4 K in a 3 He evaporation refrigerator, using the fourwire dc current bias method.
The -2 XRD scan of a Sr 2 RuO 4 film is shown in Fig. 1 . Peaks in the -2 scan are sharp, indicating that the film is single phase and is oriented with its c axis perpendicular to the plane of the substrate. The full width at halfmaximum ͑FWHM͒ of the 006 peak is approximately 0.23°i n the 2 direction, and 0.33°in the direction. ͑Instrumen-tal resolution is ϳ0.20°.͒ A -scan of the 103 Sr 2 RuO 4 peak ͑not shown͒ indicated that the film is epitaxial with the ͗100͘ directions of the film aligned with the ͗100͘ directions of the pseudocubic perovskite subcell of the substrate. TEM examination ͑Fig. 2͒ revealed a well-ordered film with a sharp substrate interface. These structural characteristics are comparable to those of high-quality epitaxial films of cuprate superconductors.
All but one of the films on which electrical measurements were made showed metallic ab (T) behavior, but crossed over to semiconducting behavior at low temperatures, a behavior which is not seen in Sr 2 RuO 4 single crystals. Figure 3 shows the temperature dependence of the inplane resistivity for several Sr 2 RuO 4 films grown from highpurity ͑filled symbols͒ and low-purity ͑hollow symbols͒ targets at oxygen partial pressures from 0.3 to 3.5 Torr.
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Films grown from the low-purity target exhibited semiconductor-type ab (T) behavior at low temperature due to impurities. The fully metallic film exhibited a T 2 temperature dependence below 15 K, shown in the inset in Fig. 3 . This behavior is also seen in the in-plane conduction of superconducting single-crystalline Sr 2 RuO 4 .
None of our Sr 2 RuO 4 films, however, showed signs of superconductivity. The fully metallic film had a residual resistivity of ab,0 ϭ32 ⍀ cm, while the maximum residual resistivity for observing superconductivity in Sr 2 RuO 4 is about 1 ⍀ cm. 13 Likewise, the fully metallic film had a resistivity ratio ͓ ab (300 K)/ ab,min ͔Ϸ10, while the resistivity ratios of superconducting Sr 2 RuO 4 single crystals are at least 120. 13 The films grown from the high-purity target clearly are superior to the films grown under similar conditions from the low-purity target. Given the qualitative similarity in ab (T) of the high-purity films to that of the lowpurity films, impurities may not be the only factor destroying superconductivity in these films. 
